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A therapeutic method is provided to elevate a de- 
pressed mammalian autologous mixed lymphocyte re- 
sponse and to alleviate the diseases associated therewith 
by the administration of an effective amount of certain 
selective delta opioid receptor antagonists to a mammal 
such as a human patient in need of such treatment. 
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TREATMENT OF IMMDNOREGOIATORY DISORDERS 

5 

Background of the Invention 

The fact that the effects of endogenous opioid 
peptides, such as the enkephalins, and exogenous opiates 

10 such as morphine, are mediated by at least three 

different types [mu (p) , delta (6), kappa (K)] of opioid 
receptors raises the possibility that highly selective 
exogenous opioid agonists or antagonists might be 
developed. See W.R. Martin, Pharmacol. Rev. . 283 

15 (1983) . In fact, in recent years, some progress has 
been made in the development of selective opioid 
antagonists. Pentapeptides structurally related to the 
enkephalins have been reported to be highly delta- 
selective opioid antagonists. Such compounds (e.g., ICI 

20 174864) currently are employed as pharmacologic probes 
of receptor function and structure, but they possess the 
disadvantage of low potency and poor penetration into 
the central nervous system (CNS) . See J.W. Shaw et al., 
Life Sci . r 21, 1259 (1982) and R. Cotton et al., Eur. J. 

25 PhaimacP l, , 21, 331 (1984). Portoghese et al. (U.S. 
Patent No. 4,816,586) disclose certain opiate analogs 
which possess high selectivity and potency at delta 
receptors, including naltrindole (NTI) and 7- 
benzyl idene -naltrexone (ENTX) . Certain of these 

30 compounds have been reported both to deter ethanol 

ingestion in an alcohol -preferring rat line and to block 
morphine tolerance and dependence in the rat model. 
See, J.C. Froehlich et al., Alcoholism Clin, and Exp. 
L££^/ Abstract 20, page 315 (1991) and M. Sofuoglu et 

35 al., J. Pharmacol. Exp. Ther. , 252, 676 (1991). 

In recent years, it has also been shown that 
endogenous opioid peptides and exogenous opiates modulate 
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immune responses both in vitro and in vivo. The enkepha- 
lins, for example, have been shown to enhance the expres- 
sion of CD2 molecules on T lymphocytes both in normal 
individuals and immunosuppressed patients. See, for 
5 example, J. Wybran et al., J. Immunol, , 123 , 1068 (1979) 
and R.E. Faith et al., NIDA Res. Monoqr. , 54, 300 (1984). 
Enkephalins also can enhance murine host resistance to 
viral and tumor challenge and to anaphylactic shock as 
reported by R.E. Faith et al., Ann. N.Y. Acad. Sci. . 496 , 
10 137 (1987). In other studies, the effects of enkephalins 
on immune function have been reported to be biphasic, with 
higher concentrations being suppressive and lower concen- 
trations stimulatory. For example, see D. Marie et al., 
Ann. N.Y. Acad. Sci. . 496, 126 (1987) and D.R. Oleson et 
15 al., Brain , Behavior and Imrnun. , 2, 171 (1988). 

Experiments to date that have examined the type of 
receptor on immune cells through which enkephalins exert 
such modulatory actions have suggested that it is an opioid 
receptor, similar to those found in the brain. In particu- 
20 lar, it has been postulated that the enkephalin -binding 
receptor on cells of the immune system is of the delta 
subclass of opioid receptors. Thus, many of the effects of 
enkephalins on immune function can be blocked not only by 
the classical opioid receptor antagonist, naloxone, but 
25 also by the delta receptor-specific antagonist, ICI 174864. 
See, B.D. Jankovic et al., Ann. N.Y. Acad. Sci. . 540 , 691 
(1988) and R. Cotton et al., Eur. J. Pharmacol .. 97, 331 
(1984). 

NTI itself has been shown to be immunosuppressive 
30 and non-toxic both in vivo and in vitro. For example, K. 
Arakawa et al., in Transplant , 53, 951 (1992) and Transpl . 
Prog. . 24, 696 (1992) have reported using NTI to prolong 
allograft survival in a rat renal transplant model and to 
suppress in vitro allogeneic and xenogeneic mixed lympho- 
35 cyte responses. In both in vitro responses, NTI was found 
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to be less effective than cyclosporine A (CsA), the current 
treatment of choice for allograft survival. 

The autologous mixed lymphocyte response (AMLR) is 
the in vitro phenomenon of T cell proliferation in response 
5 to autologous class II (Ia/DR) antigen-bearing cells (B 
cells, macrophages, dendritic cells or activated T cells), 
and thus represents a type of autoimmune reaction. The 
AMLR was originally characterized in mice and, subse- 
quently, was detected in humans. The cells that prolifer- 

10 ate in the AMLR have been shown to be capable of immunomod- 
ulation by W.E. Crowe et al., Arth. Rheum. , 28 , 537 (1985). 

It is generally believed that the AMLR can provide 
an in vitro model for studying immunoregulatory phenomena. 
For example, see, M.M. Kuntz et al., J. Exp. Med. , 143 , 

15 1042 (1976); M.E. Weksler et al., J. Exp. Med. , 146 / 1833 
(1977) and J.S. Smolen et al., J. Clin. Invest. , 68 , 1601 
(1981). The viability of such a model is supported by the 
fact that the AMLR is frequently suppressed in autoimmune 
diseases, as well as in other diseases arising from dis- 

20 orders of immunoregulation, such as infectious mononucleo- 
sis, which is caused by Epstein-Barr virus. See, for 
example, R.L. Hirsch, Clin. Exp. Immunol. , 64 , 107 (1986). 
It has been suggested by W.E. Crowe et al., Arth . Rheum . , 
28 , 537 (1985), that this association of suppressed AMLR 

25 with autoimmune disease indicates that the impaired immuno- 
regulation manifest in the abnormal AMLR may be related to 
the pathogenesis of these disorders. In their studies of 
the use of NTI as an immunosuppressant, H. Nagase et al. 
(EPA 456833) reported that NTI strongly suppresses the MLR 

30 in preparations of allogeneic murine spleen cells. There- 
fore, a need exists for agents which can modulate the AMLR: 
and immunoregulatory disorders associated therewith. 
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Summary of the Invention 
The present invention provides a method for treat- 
ing an immunoregulatory disease that is characterized by a 
depressed autologous mixed lymphocyte response (AMLR) in a 
5 mammal in need of such treatment comprising administering 
to said mammal an effective amount of a compound of the 
formula I: 




wherein R 1 is (Cj-C^alkyl, C 3 -C 6 (cycloalkyl)alkyl, C 5 -C 7 - 
(cycloalkenyl)alkyl, aryl, aralkyl, trans (C 4 -C 5 )alkenyl, 
allyl or furan-2-ylalkyl, R 2 is H, OH or 0 2 C(C 1 -C 5 )alkyl; R 3 

20 is H, (Cx-CsJalkyl or (Cj-CiJalkylCO; R* and R 5 are indi- 
vidually H, F, CI, Br, NCS, N0 2 , NH 2 , (C^CsJalkyl , 
(C!-C 5 )alkoxy or together are benzo; and X is 0, S or NY, 
wherein Y is H, (Cj-CsJalkyl or (R*) (R 5 ) benzyl; and the 
pharmaceutical ly acceptable salts thereof. 

25 A preferred compound of formula I, disclosed in 

U.S. Patent No. 4,816,586, has been named "naltrindole" or 
"NTI " ( 17 - ( cyclopropylmethyl ) -6 , 7-dehydro-3 , 140-dihydroxy- 
4,5a-epoxy-6,7-2' , 3 '-indolmorphinan) and has the formula: 



30 
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Another preferred compound of formula I is (17- 
cyclopropylmethyl ) -6 , 7-dehydro-3 , 14)3-dihydroxy-4 , 5a-epoxy- 
6,7-2 S3 '-benzo[b]furanomorphinan. See P.S. Portoghese et 
al., J. Med. Chem. , 31, 281 (1988). Another preferred 
5 compound of formula I is naltrindole 5 '-isothiocyanate or 
"5'-NTII" (see, P.S. Portoghese et al., J. Med. Chem. , 33, 
1547 (1990); Eur. J. Pharmacol. , 146 , 185 (1988); J- Med. 
Chem. , 31, 281 (1988); J. Pharmacol. Exp. Ther. , 258, 299 
(1991)). These compounds are selective 6-opioid receptor 
10 antagonists. 

In another embodiment of the present method, a 
mammal subject to a depressed AMLR is treated with an 
effective amount of a compound of the formula (II): 



15 



20 




(ID 



wherein R 1 is (C x -C 5 ) alkyl, C 3 -C 6 (cycloalkyl) alkyl, C 5 -C 7 - 
( cycloalkenyl ) alkyl , aryl , aralkyl , trans ( C<-C 5 ) alkenyl , 
allyl or furan-2-ylalkyl, R 2 is H, OH or 0 2 C(C!-C 5 ) alkyl; R 3 

25 is H, (Ci-Cjjalkyl or (Cj-Cj) alky ICO; and R A and R 5 are 
individually H, F, CI, Br, N0 2 , NH 2 , NCS, ( C a -C 5 ) alkyl , 
(C!-C 5 )alkoxy or together are dioxymethylene (-OCH 2 0-) or 
benzo; X is 0, (H) 2 or CH 2 ; and R 6 and R 7 are both H or 
together are a bond; and the pharmaceutically acceptable 

30 salts thereof. A preferred compound of formula II is 7- 
benzylidenenaltrexone or "BNTX," wherein R 1 is cyclopropyl- 
methyl, R 2 is OH, and R 3 = R 4 « R 5 - H, and R 6 and R 7 
together are a bond. The 6-keto (C=0) group may be absent 
(replaced by -CH 2 -) or may be replaced by exo-methylene . 
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The present invention also provides a method of 
treating a depressed mammalian AMLR by administering to a 
human in need of such treatment, an effective amount of a 
biologically active compound of formula III: 



10 




(III) 



15 

wherein R 1 is (Cj-C^alkyl, C 3 -C 6 (cycloalkyl)alkyl, C 5 -C 7 - 
(cycloalkenyl)alkyl, aryl, aralkyl, trans (C«-C 5 )alkenyl / 
allyl or furan-2-ylalkyl, R 2 is H f OH or 0 2 C(C 1 -C 5 )alkyl; R 3 
is H, (Cj-C^alkyl or { (Ci-CsJalkyl^O; M is N or CH, and R* 

20 and R 5 are as described for formula I hereinabove; and the 
pharmaceutical^ acceptable salts thereof. 

The compounds of formulas I, II and III are selec- 
tive for the 6 opioid receptor. Particularly, the com- 
pounds of formula II are specific for the 6 1 subset of 

25 delta receptors. The delta selectivity of compounds of 
formulas I, II or III is apparently the salient character- 
istic of these compounds that allows them to elevate the 
depressed AMLR in the mammal, such as a human patient, to 
which the compound is administered. As used herein, the 

30 term "elevate" encompasses 100% elevation of the depressed 
response to a normal level, as well as amounts of elevation 
which are clinically significant to treat at least one of 
the associated immunoregulatory disease states, i.e., to 
mimic a remission. Likewise, the depressed AMLRs selected 
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for treatment are those which are manifested by, or are 
symptomatic of , an acute or impending AMLR-associated 
disease states. Thus, the present method is effective to 
treat depressed AMLR-associated immunoregulatory diseases , 
5 such as autoimmune diseases, lymphoproliferative diseases 
and certain viral infections, both in animals and in 
humans . 

Since the compounds of the invention are formally 
morphinan derivatives, it is believed that their stability 

10 and ability to cross the "blood-brain barrier" and to 
affect the CNS should be far superior to peptide delta 
opioid antagonists. 

As exemplified hereinbelow, certain of the com- 
pounds of formulas I-III can also be used as intermediates 

15 in the formation of other compounds of the same class. For 
example, nitro groups can be reduced to amino groups. 

The alkyl moiety present in the R 1 group which 
links the cycloalkyl, cycloalkenyl, aryl, or furan-2-yl 
moiety to the basic nitrogen atom in the compounds of 

20 formulas I, II or III is a lower(alkyl) group, preferably - 
(CH 2 ) n -, wherein n is about 1-5, most preferably n is 1, 
e.g., R l is C 3 -C 6 ( cycloalkyl) methyl, C 5 -C 7 (cycloalkenyl )- 
methyl, arylmethyl or f uran-2-ylmethyl . Preferred aryl 
moieties include (C 6 -C 10 )aryl, preferably, (C 6 -C 9 )aryl, i.e., 

25 phenyl, benzyl, tolyl, xylyl, anisyl and the like. 

The term (R 4 ) (R 5 ) benzyl indicates (R 4 ) (R 5 ) phenyl - 
methyl, wherein R 4 and R 5 can occupy any position on the 
phenyl ring. 

In formulas I, II or III, the position of the -R 4 
30 and -R 5 groups indicate that they can be either ortho, 
meta , or para to the -X group or the -N= group, respec- 
tively, e.g., R 4 and/or R 5 can occupy any available site on 
the phenyl ring. In structure I, II and III, a bond desig- 
nated by a wedged or darkened line indicates one extending . 
35 above the plane of the phenyl rings. A bond designated by 

7 
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a broken line indicates one extending below the plane of 
the phenyl rings. 

These delta-opioid antagonists include compounds 
of the formula I, formula II or formula III, wherein R 1 is 
5 (Cj-CsJalkyl, C 3 -C 6 (cycloalkyl) alkyl or C 5 -C 7 (cycloalkenyl)- 
alkyl, preferably wherein R 1 is (C 2 -C 3 )alkyl or C 3 -C 6 (cyclo- 
alkyl)methyl, and most preferably, wherein R 1 is cyclopro- 
pylmethyl. R 2 is preferably OH or OAc (0 2 CCH 3 ), and R 3 
preferably is H. Preferably, at least one, and most pre- 
10 ferably, both of R A and R 5 are H, or R 4 is H and R 5 is NCS, 
i.e., 5' -NCS. Preferred compounds also result when R* is H 
and R 5 is F, (C x -C 5 ) alkyl or (CH: 5 )alkoxy. Preferably Y is 
H, methyl or benzyl. X is preferably 0. 

A further aspect of the present invention com- 
15 prises an article of manufacture or kit comprising packag- 
ing material, such as a carton, envelope, bottle, vial, 
blister pack, intravenous bag and the like, and at least 
one pharmaceutical unit dosage form, such as a tablet or 
capsule, comprising an amount of a compound of formula I, 
20 II, III or a mixture thereof, effective to treat a human 
or animal immunoregulatory disease associated with a 
depressed AMLR; and wherein said packaging material com- 
prises instruction means therein or thereon, such as a 
printed label, package insert, tag, cassette tape, video- 
25 tape and the like, which indicates that said unit dosage 
form can be used to treat (elevate) a depressed human or 
animal AMLR, or to treat an immunoregulatory disease 
associated with a depressed AMLR. 

Brief Description of the Figures 

Figure 1 is a schematic depiction of the compounds 
of formula I. 

Figure 2 contains data from six representative 
experiments (EXP. 1-6) which show a depressed AMLR (using 
rat splenic MNC) that is reversed by the addition of NTI to 

8 
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the cell cultures . Each experiment contains spleen cells 
from a pool of 3 rats. Controls were calculated from a 
pool of 18 uninfected rats (6 experiments ) • 

Figure 3 shows that deliberate infection of mice 
5 with mCMV results in a suppressed AMLR that is dose- 
dependent. Uninfected mice were injected with saline at 
the same time that the infected mice received mCMV. Each 
treatment group consisted of cells pooled from two mice. 

Figures 4A and 4B show that NTI can reverse the 
10 suppressed AMLR caused by CMV infection. Optimal concen- 
trations of NTI were determined from the rat AMLR experi- 
ments shown in Figure 1. 

Detailed Description of the Invention 

15 Depressed AMLR-Associated Diseases 

Diseases which can be treated using the present 
method are those characterized as disorders of immunoregu- 
lation, and include, but are not limited to, (i) autoimmune 
diseases, such as multiple sclerosis (MS), systemic lupus 

20 erythematosis (SLE) and rheumatoid arthritis (RA), (ii) 
some viral infections, including those caused by Epstein- 
Barr virus (EBV), cytomegalovirus (CMV), human immunodefi- 
ciency virus (HIV), Type 1 Diabetes, Newcastle Disease 
Virus (NDV), and lymphoproliferative disorders, such as 

25 chronic lymphocytic leukemia (CLL) . Literature references 
describing these disease states and their association with 
a depressed AMLR are listed in Table A, below. 
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Condition 
RA 



10 



15 



EBV 

Type 1 
Diabetes 

CMV 
HIV 



CLL 



Sjogren's 
20 Syndrome 



Table A, Immunoregulatorv Diseases 
Associated with AMLR Depression 

Literature Citation 

R.L. Hirsch, Clin. Exp, Immunol. , 64, 107 

(1986); A. Laffor et al., Rheumatol, Int. . 3, 

117 (1983); S. Gupta et al., Vox Sana. . 44/ 

265 (1983); D.A. Hafler et al., Clin. 

Immunol, and Immunopathol . , 58 , 115 (1991). 

S. Gupta et al., Vox Sana. , 44, 265 (1983). 

S. Gupta et al., Vox Sane , 44, 265 (1983). 

Cytomegalovirus - Biology and Infection , M. 
Ho, ed., Plenum, NY (1982) at pages 223-243. 
F. Puppo et al., AIDS Res. Hum. Retroviruses . 
3, 423 (1987); E.C. Ebert et al., Clin. 
Immunol. Immunopathol. , 32, 283 (1985). 
T. Han et al., Blood , 60, 1075 (1982). 

D.A. Haffer et al. , Immunol. Today , 10, 104 
(1989). 



As discussed hereinabove, and by J.K. Gutowski et 
25 al., Immunol . , 46, 801 (1982), the AMLR is a measure of the 
capacity of T lymphocytes to proliferate in response to 
autoantigens and is thought to be indicative of T cell 
regulatory ability. The suppressor- inducer subset of CD4 T 
cells (CD4+ 45R+) appears to be the primary cell activated 
30 by the autoantigens presented by the antigen presenting 
cells in the cultures. The primary functional consequence 
of the activation of these cells in the AMLR has been shown 
to be the generation of suppressor T cells, which is mani- 
fested by the magnitude of proliferation in the AMLR assay. 
35 See D. Kelleher et al., Gut, 30, 839 (1989); D.A. Hafler et 
al., Clin. Immunol, and Immunopathol ., 58 , 115 (1991); J.K. 
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Gutowski et al. # Immunol . , 46* 801 (1982); F. Pazderka et 
al., Cell. Immunol . , 112 , 64 (1988). 

As discussed by J.K. Gutowski et al., Immunol . , 
46 , 801 (1982), humans and animals with autoimmune diseases 
5 associated with suppressor cell dysfunction show impaired 
AMLR activity. It is believed that the absence of AMLR- 
generated suppressor cells, or suppressor cell function, 
may be pathogenetically related to the loss of self-toler- 
ance in these individuals. Agents that can reverse a 

10 depressed AMLR can be effective for the treatment of dis- 
eases which are characterized by a depressed AMLR, since it 
has been demonstrated by A. Laffer et al., Rheumatol. Int. , 
3, 117 (1983), that the AMLR returns to normal levels in 
patients with autoimmune diseases which are in remission, 

15 either due to treatment or as a natural part of the disease 
process . Thus , the reversal of the depressed AMLR by the 
present compounds may be due to enhanced suppressor cell 
activity, which in turn can mimic the normal remission of 
autoimmune diseases. 

20 The depressed AMLR elevated as taught hereinbelow, 

was a consequence of both an uncontrolled viral infection 
in a rat colony and a controlled infection of mice with 
murine cytomegalovirus (mCMV) . Since the mechanisms 
involved in all of these immunoregulatory disorders are 

25 complex, it may be questioned as to whether the correction 
of an in vitro defect relating to two diseases can be 
related in general to all diseases of this type. However, 
there is strong evidence to suggest that it is. Patients 
with HIV infection have been shown to have a depressed AMLR 

30 which is related, in part, to a lack of IL-2 production and 
IL-2 receptor (IL-2R) expression, both of which are neces- 
sary for T cells to function. These same functional de- 
fects (i.e., depressed AMLR, depressed IL-2 production and 
IL-2R expression) have been described in mice infected with 

35 New Castle Disease virus (NDV) and in all strains of mice 

11 
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which are susceptible to autoimmune diseases, suggesting 
that common mechanisms are defective in different immunore- 
gulatory disorders. See N. Tala et al., Behring Inst. 
Mitt. , 72, 169 (1983). Thus, the ability of NTI to reverse- 
5 the depressed AMLR which occurs in rats and mice following 
a viral infection can be generalized to all diseases in- 
volving disorders of immunoregulation f particularly in view 
of its stability and its ability to cross the blood/brain 
barrier . 

10 

Chemistry 

Representative compounds of formula I (1-15 and 
18 ) or formula III (16-17) were synthesized from starting 
materials of formula IVa or IVb as outlined in Figure 1, as 
15 described in U.S. Patent No. 4 , 816 ,586. The structures of 
compounds 1-15 and 18, shown generally in Figure 1, are 
summarized on Table I, below. 

Table I * 

20 



25 
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Compound No. 

of Table I R 1 X R* R 5 

5 1 CpCHa 1 NH H H 

2 CpCH 2 NCH 3 2 H H 

3 CpCH 2 NH H 5'-F 

4 CpCH 2 NH H 5'-OCH 3 

5 CpCH 2 NH H 5'-CH 3 
10 6 CpCH 2 NH H 5'-N0 2 

1 CH 3 NH H H 

8 CpCH 2 0 H H 

F CpCH 2 NH H 5' -OH 

10 CpCH 2 NH H 4'-F 

15 U CpCH 2 NH H 7'-F 

12 CpCH 2 NH H 4' and 6'- 

CH 3 ( mixture) 

12a CpCH 2 NH H 5'-NH 2 

12b CpCH 2 NH H 5'-NCS 

20 13 CpCH 2 NH H 7'-CH 3 

li. CpCH 2 NH H 7'-OCH 3 

15 CpCH 2 NH H 7' -OH 

18 CpCH 2 NH 6 ' -CH=CH-CH=CH-7 ' 

25 



1 Cyclopropylmethyl • 

2 From Fischer indole synthesis of IVa + H 2 NN(CH 3 )Ph. 
^ Derived from 4 using five equivalents of BBr 3 . 

30 Hydrolysis product formed during synthesis of 14. 

* From Portoghese et al. (U.S. Patent No. 4,816,586). 

Compounds 1-18 have either indole (1-7, 9-15), benzofuran 
(8), benzopyrazine (16), benzoquinoline (17) or benzoindole 
35 (18) moieties, fused to the 6,7-position of the opiate C- 
ring. 



Starting Materials 

The structures, common names and Merck Index 
40 reference numbers of representative 4 ,5-epoxy-6-keto-mor- 
phinan starting materials of general formula IV are summar- 
ized on Table II, below. 
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Table II * 



5 




IV 



10 



Compound R 1 



15 IVa 
IVb 
IVc 
IVd 
IVe 1 

20 IVf 
IVg 









Common 


Merck 


R 1 


R 2 


R 3 


Name 


No. 2 


CH 2 CH(CH 2 ) 2 


OH 


H 


naltrexone 


6209 


CH 3 


OH 


H 


oxymorphone 


6837 


CH 3 


H 


H 


hydromorphone 


4714 


CH 3 


H 


CHj 


hydrocodone 


4687 


CH 2 CH(CH 2 ) 2 


H 


H 






CH 2 CH=CH 2 


OH 


H 


naloxone 


6208 


CH 3 


OH 


CH 3 


oxycodone 


6827 



25 1 Preparation, M. Gates et al., J. Med. Chem. . 7, 127 
(1964) ______ _# 



30 



The Merck Index, W. Windholz, ed., Merck & Co.. Rahway, 
NJ (10th ed. 1983). 
* Portoghese et al. (U.S. Patent No. 4,816,586). 



Other starting materials of formula IV can be pre- 
pared by synthetic methods which are well known in the art 
of organic chemistry. For example, compounds of- formula IV 

35 wherein R 1 is H and R 3 is a suitable protecting group, and 
wherein the 6-keto group has also been protected, can be 
prepared from compounds IVa-q. These intermediates can be 
N-alkylated and deprotected to yield compounds of formula I 
wherein R l is C 2 -C s ( alkyl ) , C 4 -C 6 (cycloalkyl) alkyl, C 5 -C 7 (cy- 

40 cloalkenyl) alkyl, aryl, aralkyl, trans -C<-C 5 -alkenyl or 
furan-2-ylalkyl, by the application of well known reac- 
tions . 
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For example, the free hydroxy 1 groups of compounds 
of formula IV, e.g., R 2 =OH and/or R 3 =H, can be protected by 
acid-labile groups such as tetrahydropyranl-yl, trimethyl- 
silyl, 1-methoxy-isopropyl and the like as disclosed in 
5 Compendium of Organic Synthetic Methods , I.T. Harrison et 
al., eds., Wiley-Interscience, New York, NY (1971) at pages 
124-131, (hereinafter "Compendium")/ the disclosure of 
which is incorporated by reference herein. The protection 
of the 6-keto group of compounds of formula IV by its 

10 reversible conversion into a ketal or a thioketal group is 
disclosed in Compendium , at pages 449-453, the disclosure 
of which is incorporated by reference herein. Methods for 
the demethylation of N-methyl amines have been disclosed, 
for example, in Compendium at page 247, J. Amer. Chem. 

15 Soc. , 89, 1942 (1967) and J. Amer. Chem. Soc , 77, 4079 

(1955), the disclosures of which are incorporated by refer- 
ence herein. 

Procedures for the alkylation of secondary amines 
with halides under basic or neutral conditions are well 
20 known. For example, see Compendium at pages 242-245; Org. 
Synth. , 43, 45 (1963); J. Org. Chem. , 27/ 3639 (1962) and 
J. Amer. Chem. Soc , 82 , 6163 (1960), the disclosures of 
which are incorporated by reference herein. 



25 Synthesis of p<j>lfcA Opioid Receptor Antagonists 

Compounds of formulas I, II or III wherein R 2 is 
acyloxy and/or R 3 is acyl can be prepared by using the cor- 
responding starting material IV. For example, starting 
material IVa can be diacylated by reacting it with the 

30 appropriate (Cj-C^alkyl anhydride in pyridine for 10-18 

hrs at 18-25°C. The resultant 3, 14-diacylated compound can 
be converted to the 14-acylated compound by limited hydro- 
lysis. The 3-acylated starting materials can be prepared 
by the short-term reaction of the compound of formula IV 

35 with the anhydride, e.g., for about 2-4 hours. The 3- 
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acylated product can be separated from the 3,14-diacylated 
product by chromatography. 

Compounds of formula II wherein X is exg-methylene 
can be prepared by reacting the 6-keto group with CH 2 « 
5 PPh 3 . Compounds of formula II wherein X is (H) 2 can be 
prepared by hydrogenolysing the corresponding thioketal or 
dithianyl-protected 6-keto group. 

The preparation of 1-7, 9-15 and 18 was accom- 
plished using the Fischer indole synthesis. See R.B. Van 
10 Orden et al., Chem. Rev. , 30, 78 (1942), the disclosure of 
which is incorporated by reference herein. A compound of 
formula IV, e.g., naltrexone hydrochloride (IVa-HCl) or 
oxymorphone hydrochloride (IVb-HCl) and the appropriate 
aromatic hydrazine hydrochloride (30) were re fluxed in 
15 glacial acetic acid or methanol containing an organic or 
inorganic acid such as methanesulfonic acid or hydrochloric 
acid (HC1) for 3-6 hours. Compound 12b was prepared by 
reducing 5'-nitroindole (6) to the 5 '-amino derivative 12a , 
which was treated with thiophosgene to yield 12b, as the 
20 hydrated salt. See P.S. Portoghese et al., J. Med. Chem. , 
31, 281 (1988). The 6',7'-benzo-derivative (18), was pre- 
pared by refluxing naltrexone -HC1 with 1-napthylhydrazine. 

Benzofuran 8 was prepared by refluxing an ethanol 
solution containing equivalent amounts of IVa-HCl, methane 
25 sulfonic acid and o-phenylhydroxylamine-HCl (31)' for 18 
hours . 

The benzopyrazine 16 was synthesized from IVa-HCl 
by a conversion to the oximino derivative 21 followed by 
reaction with o-phenylenediamine 25. 

30 The quinoline derivative 17 was prepared by 

refluxing naltrexone -HC1 with o-aminobenzaldehyde 28 and 
methanesulfonic acid in ethanol. The corresponding benzo- 
thiophene derivatives (I, x=S) can be synthesized by react- 
ing a compound of formula IV with thiophenol in the 

35 presence of an acid, followed by photolysis of the 0H- 

16 
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protected thioenol under a nitrogen atmosphere using a Hg 
high pressure lamp (see S.H. Green et al., J. Org. Chem. , 
33, 2218 (1968), the disclosure of which is incorporated by 
reference herein) . 
5 The acid salts of compounds of formulas I, II, or 

III, wherein R 3 =H can be converted into the corresponding 
(Ci-C^alkoxy derivatives [R 3 =(Ci-C 5 )alkyl] by dissolving the 
starting material in DMF and adding an excess of the appro- 
priate (C 1 -C 5 )alkyl iodide and an amine such as diisopro- 

10 pylethylamine . The reaction can be conducted at an ele- 
vated temperature for about 4-10 hours. The final product 
can be purified by column chromatography. 

Pharmaceutically acceptable amine salts of these 
compounds may be salts of organic acids, such as acetic, 

15 citric, lactic, malic, tartaric, p-toluene sulfonic acid, 
methane sulfonic acid, and the like as well as salts of 
pharmaceutically acceptable mineral acids such as phos- 
phoric, hydrochloric or sulfuric acid, and the like. 
These physiologically acceptable salts are prepared by 

20 methods known in the art, e.g., by dissolving the free 

amine bases with an excess of the acid in aqueous alcohol. 

The synthesis of compounds 1-12 and 13-17 is set 
forth in detail in P.S. Portoghese (U.S. Patent No. 
4,816,586), the disclosure of which is incorporated by 

25 reference herein. 

The compounds of formula II can be readily synthe- 
sized by reacting a compound of formula IV with benzalde- 
hyde or a mono- or di-substituted derivative thereof in the 
presence of base, as shown below. 
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10 wherein R 1 , R 2 , R 3 , R* and R 5 are as disclosed hereinabove. 
Preferably, IV is naltrexone hydrochloride/ e.g., R 3 = H, 
R 2 = OH and R l is cyclopropylmethyl, and the synthesis of 
compound II wherein R 2 = OH, R 1 = cyclopropylmethyl and R 3 = 
R 4 = R 5 = H is carried out as described by P.S. Portoghese 

15 et al. # J. Med. Chem. , 34, 1292 (1991). When OR 3 and/or R 2 
are base-liable groups such as alkanoxy, R 3 may be H and R 2 
may be OH in the compound of formula II. In such situa- 
tions, the protecting groups can be replaced by art- 
recognized methodologies for the protection/deprotection of 

20 hydroxyl groups. Of course, if naltrexone 'HC1 or a similar 
compound of formula IV, comprising free OH groups is used 
to prepare compounds of formula II wherein R 3 is H and/or 
R 2 is OH or H, the free hydroxyl groups in the compound of 
formula II can be also converted to alkanoyloxy groups by 

25 methods known to the art. 

The synthesis of specific embodiments of the com- 
pounds of formula II is set forth in detail in U.S. patent 
application Serial No. 07/867,997, filed April 13, 1992. 

30 Administration and Dosage Forms 

In the clinical practice of the present method, 
the compounds of the present invention will normally be ad- 
ministered orally or parenterally, as by injection or in- 
fusion, in the form of a pharmaceutical preparation com- 

35 prising the active ingredient in combination with a pharma- 
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ceutically acceptable carrier, e.g., in the form of a 
pharmaceutical unit dosage form. The carrier may be a 
solid, semi-solid or liquid diluent or be compressed or 
shaped into an ingestible capsule. The compound or its 
5 salt may also be used without carrier material. 

Examples of pharmaceutical unit dosage forms com- 
prising the present antagonists include tablets, pre-sel- 
ected volumes of intravenous solutions, suspensions, hard 
or soft gelatin capsules, microcapsules, suppositories, 

10 liposomes and systems designed for controlled or prolonged 
release of the active agent, such as reservoirs designed 
for transdermal delivery or subcutaneous delivery. Such 
reservoirs include skin patches and shaped polymeric 
implants. Usually, the active substance will comprise 

15 between about 0.05 and 99%, or between 0.1 and 95% by 
weight of the resulting pharmaceutical unit dosage form, 
for example, between about 0.5 and 20% of preparation 
intended for injection or infusion and between 0.1 and 50% 
of preparation, such as tablets or capsules, intended for 

20 oral administration. 

Doses of a given compound of formulas I, II or III 
which are effective to counteract a depressed AMLR, and to 
treat the symptomology of the resultant disease state can 
be extrapolated, to some extent, from the in vitro murine 

25 data disclosed hereinbelow and from the in vivo murine data 
presented in Eur. J. Pharmacol. , 219 , 346 (1992) and J.C. 
Froehlich et al., Alcoholism , 15, 315, abstract 20 (1991), 
by methods known to the art for extrapolation of animal 
dosing data to humans. For example, see U.S. Patent Nos. 

30 5,035,878 and 4,938,949. 

Bloassavs 

A. Tests Using Guinea Pig Ileal Muscle 

When the extracted longitudinal muscle from the 
35 guinea pig ileum (GPI) is suspended in a physiological 

19 
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medium, electrical stimulation reliably produces contrac- 
tions. Responsiveness to the electrical stimulation, 
therefore, can be used to index the effects of drugs. The 
procedures used and common results have become standard, as 
5 exemplified by the observations that morphine reliably 
suppresses the contractions that would ordinarily follow 
from the electrical stimulation and classic opioid antagon- 
ists, such as naloxone and naltrexone, block morphine's 
effects . 

10 

B. Mouse Vas Deferens (MVP) 

The mouse vas deferens is sensitive to delta- 
opioid drugs. Furthermore, the MVD responds selectively to 
delta opioids. It is, therefore, useful in indexing selec- 
15 tive delta-opioid drugs. The methods used here are des- 
cribed by Henderson et al. ( Brit. J. Pharmacol. . 46, 764 
(1972)), the disclosure of which is incorporated by refer- 
ence herein. 

20 EXAMPLE 1. 

EVALUATION OF ANTAGONIST ACTIVITY 

A. Materials and Methods 

1. Guinea Pig Ileal Longitudinal Muscle (GPI). Ilea 
from guinea pigs were taken approximately 10 cm 

25 from the ileocaecal junction, and a strip of 

longitudinal muscle with the myenteric plexus 
attached was prepared by method of Rang et al., 
Brit. J. Pharmacol., 22, 356 (1964), the disclo- 
sure of which is incorporated by reference herein. 

50 A 1 cm portion of this strip was then mounted 

between two platinum electrodes placed in a 10 ml 
organ bath and connected to an isometric trans- 
ducer. Contractions were recorded on a polygraph. 
Contractions of the ileal strip were initiated by 
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supramaximal rectangular pulses in all prepara- 
tions (80 V of 0.5 ms duration at a frequency of 
0*1 Hz). Krebs bicarbonate solution containing 
1.25 pM chlorpheniramine maleate was the bathing 
5 solution and was continuously bubbled with 95% 0 2 

and 5% C0 2 . The organ bath was maintained at 
36°-37°C. The longitudinal muscle strip was 
allowed to equilibrate with continuous stimulation 
for a minimum of 90 min. Cumulative 
10 concentration-response curves were determined 

after drugs were added to the bath in 10- to 50-jiL 
amounts and washed out with two 10 ml portions of 
buffer after noting their maximum effects. 
2. Mouse Vas Deferens (HVD) . This assay was per- 
15 formed according to the description by Henderson 

et al., Brit. J. Pharmacol . , 46 , 764 (1972), the 
disclosure of which is incorporated by reference 
herein. Both vasa deferentia were dissected out 
of mice and mounted singly through two platinum 
20 ring electrodes in a 10 ml organ bath. The bath 

contained Krebs bicarbonate solution that was con- 
tinuously bubbled with 95% 0 2 and 5% C0 2 . The 
organ bath was maintained at 37 °C. The tissue was 
attached to an isometric transducer and stimulated 
25 transmurally with rectangular pulses (0.1 Mz, 1 ms 

duration, supramaximal voltage). Drugs were added 
cumulatively to the bath in 10- to 50-jjL amounts 
and washed out after noting their maximum effect. 
B . Pharmacology 
30 The compounds were tested in vitro on the mouse vas 

deferens (MVD) and guinea pig ileum (GPI) preparations. 
Each compound (100 or 200 nM) was incubated for 15 min 
with the tissue prior to adding graded doses of a 
standard agonist for determination of an IC 50 value. 
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10 



The standard agonists employed were [D-Ala 2 , D-Leu 5 ]- 
enkephalin (DADLE), morphine (M), and ethylketazocine 
(EK); these are selective for delta , mu, and kappa 
opioid receptors, respectively. The IC 50 value was 
divided by the control IC 50 value in the same tissue, 
and this IC 50 ratio (DR) was employed to calculate the 
Ke value using the equation Ke=[antagonist]/(DR-l) . The 
results of these bioassays are summarized on Table III, 
below. 



Table III* 

In Vitro Antagonist Activity of 6,7-Dehydro- 
3 , 1 4 -di hydroxy- 4 , 5a-epoxymorphinan Derivatives 



15 



20 



25 



30 



35 



40 



45 



Compound 




Ke fnM)" 




No. 


dadle" 


M c 


EK* 


1 


0.22 


29.4 


45.5 


2 


1.5 


12.5 


22.2 


3 


2.0 


61.7 


46.2 


4 


5.7 


63.0 


12.6 


5 


4.2 


>160 


>250 


6 


168.0 


92.0 


2200 


7 


e 


e 


a 


8 


1.8 


30.8- 


50.8 


9 




27.2 


68.5 


10 


5.5 


>125 


>170 


11 


0.35 


5.3 


>330 


12 


4.8 


>125 


>143 


13 


1.5 


19.1 


>330 


14 


6.6 


35 




16 


1.4 


6.1 


13.4 


17 


2.7 


11.3 


16.3 



Ke = [antagonist] /(IC 50 ratio-1), where the IC 50 ratio 
represents the response of the tissue to an agonist in 
the presence of the antagonist divided by the control 
IC 50 of the agonist in the same tissue. 
[D-Ala , D-Leu 5 ] enkephalin in the mouse vas deferens 
preparation (MVD) . 

Morphine in the guinea pig ileum preparation (GPI). 

Ethylketazocine in the GPI. 

No agonist antagonism observed. 

From Portoghese et al. (U.S. Patent No. 4,816,586). 
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All of the N-cyclopropylmethyl compounds (1-6, 
8-14 and 16-17 antagonized the effect of the delta agonist, 
DADLE. Substantially less antagonism toward morphine and 
EK was observed. These compounds were devoid of agonist 
activity or behaved as weak, partial agonists, with dose- 
response curves that plateaued at 20-40% of the maximal 
response at a concentration of 1 pM. The agonist effect 
was consistently below 20% at the concentrations employed 
(20-200 nM) for antagonist testing. 

The N-methyl compound 7 also exhibited partial 
agonist activity. However, because its agonist effect was 
below 20% only at 5 nM or less, it was tested for antagon- 
ist activity at this concentration and was found to be 
inactive in this regard. 

EXAMPLE 2. 



ANTAGONIST ACTIVITY OF NTI IN VIVO 
The highly active delta antagonist NTI (1) of the 
series was evaluated in mice for its effectiveness in 
antagonizing the antinociceptive effect of Tyr-D-Ser-Gly- 
Phe-Leu-Thr (DSLET) , morphine, and U50488H. These agonists 
were employed because their agonist activity is selectively 
mediated through delta , mu, and kappa opioid receptors, 
respectively. 

Table IV* 

In Vivo Antagonist Activity of NTI (1) in Mice* 

Agonist ED™ Ratio* 

DSLET b 5.25 (2.70-11.11) 

Morphine 0 1.15 (0.54-2.78) 

U50488H C 1.23 (0.63-2.86) 
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* Methodology of G. Hayashi et al.., Eur. J. Pharmacol . 

16r 63 (1971) . 

ED 50 value of treated mice (20 mg/kg s.c.) divided by 
ED 50 of control mice. 

Administered intracerebroventicular ly ( i . c . v . ) . 
Administered subcutaneous ly . ( s . c . ) . 

* Prom Portoghese et al. (U.S. Patent No. 4,816,586). 



As shown by the data on Table IV, compound 1 at 20 
mg/kg s.c. effectively blocked the writhing inhibition due 
to DSLET (ED 50 ratio =5) without significantly antagoniz- 
ing the effect of morphine or U50488H. 

Therefore, both the in vitro and in vivo data show 
that fusion of the indole, benzofuran, benzopyrazine or 
quinoline ring system to the C-ring of naltrexone gives 
rise to compounds that possess a unique opioid receptor 
antagonist profile. Most of these compounds are highly 
selective for the delta opioid receptor, and the unsubsti- 
tuted indole 1 appears to be an order of magnitude more 
potent than its substituted congeners. The selectivity 
ratios of NTI are approximately 50 for delta /mu. and pos- 
sibly greater for delta /kappa . 

It can be noted that the benzofuran 8, while less 
potent and less selective than 1 as a delta antagonist, 
nevertheless retains substantial delta antagonist activity. 
A similar relationship was observed with the benzopyrazine 
16 and the quinoline 17. This indicates that the indole 
ring system is not necessary for delta selectivity. Pos- 
sibly, the role of the pyrrole, furan, pyrazine and quinol- 
ine moieties in these compounds is to restrain the addi- 
tional benzene ring so that it is a coplanar to the C-ring 
of the morphinan nucleus. 
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Example 3. Effect of NTI on Depressed AMLR 
In Rat Coronavlrus Infection 



10 



15 



20 



25 



30 



Rats. Male Lewis rats, 150g, were obtained from Harlan- 
Sprague Dawley, Inc. (Indianapolis, IN) and housed in con- 
ventional rat cages for at least one week prior to each ex- 
periment. Rats were given food and water ad libitum and 
maintained on a 12hr:12hr light: dark cycle. 

Isolation of splenic mononuclear cells (MNC) . Rats were 
anesthetized with a mixture of 8 mg/ml ketamine and 2 mg/ml 
acepromazine (dose^O.l ml/100 g body weight) and the 
spleens were removed aseptically. The animals were exsan- 
guinated while under anesthesia. Splenic MNC were released 
from the surrounding connective tissue by dispersing 
through a wire mesh. The red blood cells were removed by 
density gradient centrifugation on f icol-hypaque (Lympho- 
cyte Separation Medium, LSM, Organon Tecknika, Durham, NC). 
The purified MNC were washed in Hanks Balanced Salt Solu- 
tion containing 1% gelatin and 2 mM EDTA and resuspended in 
RPMI-1640 medium containing 5% Fetal Bovine Serum (FBS), 
100 U/ml penicillin, 100 ug/ml streptomycin and 5xlO~ 5 M 2- 
mercaptoethanol . In some experiments, TCM™, a defined 
medium supplement (CELOX, Minneapolis, MN), was used 
instead of FBS. 

Autologous cell cultures. Purified MNC were placed in 96- 
well round bottom plates at 2xl0 5 cells/well in a total 
volume of 0.2 ml and incubated for 5 days at 37°C. To some 
wells, NTI (obtained from Dr. P. Portoghese, University of 
Minn, ref 9) at concentrations ranging from 10~ 6 M to 10~ 18 M 
was added at the start of culture. For the final 18 hr of 
culture, 1 uCi of 3 H-thymidine (6.7 Ci/mmole, New England 
Nuclear, Boston, MA) was added to each well. The cells 
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were then harvested onto glass fiber filter paper and 
counted in a Beckman (Fullerton, CA) scintillation counter. 
The results are calculated as the mean counts per minute of 
triplicate wells, and are expressed as percent of control 
5 (cpm suppressed AMLR/cpm control AMLR) . 

The most common procedure to conduct an AMLR assay 
is to separate the T cells from the non-T cells, irradiate 
or mitomycin-C treat the latter, and recombine them in cul- 
ture. Such manipulations result in somewhat higher cpm in 

10 the cultures, however, and it has been shown by R.i. Zuberi 
et al., Cell. Immunol.. 84 , 299 (1984), that unfractionated 
splenic MNC which incorporate 3 H-thymidine in these cul- 
tures are also doing so in response to autologous antigens. 
Thus, unfractionated splenic MNC cultured alone in the 

15 manner described in this example produce a true AMLR. 

Rat Coronavirus infection. Some of the rats in our colony 
displayed clinical signs of infection with rat coronavirus, 
as diagnosed by our veterinarian. This virus causes an 
upper respiratory infection which is not fatal, but which 
is known to be immunosuppressive. See R.O. Jacoby et al., 
in The Labor atory Rat , Vol. I , Biology and Diseases . H.J. 
Baker et al., eds., Academic Press, NY (1979) at page 272. 
The rats typically recovered within a week to ten days of 
becoming sick. Splenic MNC from infected rats consistently 
showed a depressed AMLR. Control responses were obtained 
from splenic MNC isolated from uninfected rats. 

NTI Administration 

In Figure 1 are shown the results of six represen- 
tative experiments (labeled Exp. 1-6) in which autologous 
mixed lymphocyte responses from infected rats (the cells 
harvested from 3 rats were pooled for each experiment) were 
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modulated by NTI and measured by 3 H-thymidine incorpora- 
tion. The responses are expressed as percent (%) of con- 
trol responses, which were obtained using MNC isolated from 
uninfected rats. The control counts ranged from 3800 to 
5 5200 cpm when 5% FBS was used in the culture medium. 

Slightly lower counts were seen when TCM™ replaced the FBS 
in the medium (1200-1500 cpm). TCM™ was used in two AMLR 
experiments (data not shown) to demonstrate that the 3 H- 
thymidine incorporation seen in control cultures was truly 
10 an AMLR and not due to mitogenic stimulation by xenogeneic 
serum. 

In all experiments, the suppression of the AMLR in 
cells from infected rats compared to control cells from 
healthy rats was only partial, ranging from 32% (Exp. 2 is 

15 shown as 68% of control) to 75% (Exp. 3). For all 6 exper- 
iments, the percent suppression was S2+/-8 (mean 
+/-s.e.m.). These responses are typical of those seen in 
patients with multiple sclerosis, for example, in which 
suppressed patient AMLR are approximately 50% of those, of 

20 healthy controls. For example, see R.L. Hirsch, Clin. Exp. 
Immunol . , 64 , 107 (1986); D.A. Hafler et al., Clin. Immu- 
nol . and Immunopathol . , 58 , 115 (1991). 

In our experiments, the addition of NTI to the 
suppressed cultures exhibiting an AMLR generally resulted 

25 in complete, or almost complete, restoration of the 

response (normal proliferation), as measured by ^-thymi- 
dine incorporation. The most severely suppressed 
responses, shown in Experiment 3, were only partially 
restored by the concentrations of NTI used in this experi- 

30 ment. It is possible, however, that 10" 12 M NTI would have 
completely reversed the suppressed responses in these cul- 
tures. Concentrations of NTI that were most effective in 
reversing depressed AMLR were generally in the range of 10" 
10 M to 10~ U M. 



27 



WO 95/13071 



PCT/US94/12844 



Example 4. KTI Effect on Depressed AMLR 
in Murine Cytomegalovirus fmCMV) Infection 

5 Mice. Eight-week-old male Balb/C mice were obtained from 

Harlan-Sprague Dawley, Inc. (Indianapolis, IN) and housed 

in conventional mouse cages for at least one week prior to 

each experiment. Mice were given food and water ad libitum 

and maintained on a 12hr:12hr light: dark cycle. 

10 

mCMV infection. Mice were injected i.p. with serial 10- 
fold dilutions of a stock mCMV solution. Dilutions of 
stock virus ranged from 10" 2 to 10' 6 . Mice were sacrificed 
after 10 days of infection. Control mice were injected 
15 with saline. 

Isolation of T and non-T MNC fractions. Splenic MNC from 
CMV-infected and uninfected mice were purified by density 
gradient centrifugation on LSM, as described above for the 

20 rat splenic MNC. T and non-T cell fractions were separated 
by nylon wool columns as disclosed by M.H. Julius et al., 
Eur. J. Immunol., 3, 645 (1973). The T-enriched cells were 
used as responder cells. The non-T cells were treated with 
mitomycin-C to stop their proliferation, as described by 

25 K.M. Linner et al., Endocrinol . , 128 , 717 (1991) and used 
as stimulator cells. Autologous cell cultures were then 
set up, with equal numbers (2 x 10 5 ) of responder T and 
stimulator non-T cells being cultured in the 96-well micro- 
titer plates. Cells were cultured for 5 days. To some 

30 wells, NT I at lO' 10 , 10" 12 or 10- 14 M, concentrations deter- 
mined to be optimal from the rat AMLR studies, was added 
for the duration of the culture period. 3 H-thymidine was 
added to each well for the last 18 hr of incubation, and 
the cultures were harvested and counted as described above. 
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In Figure 2 are shown the results of in vivo mCMV 
infection on the AMLR. At 10 days following infection with 
CMV, maximal suppression of the AMLR was seen with CMV at 
10"*. CMV at 10" 5 and 10" 6 had no effect on the AMLR at this 
5 time, whereas CMV at 10" 3 and 10" 2 suppressed the AMLR to a 
lesser extent. The control (uninfected) AMLR had cpm rang- 
ing from 4500 to 14,500. 

Figures 3A and 3B show the reversal of two of the 
suppressed AMLR cultures by NTI at concentrations ranging 

10 form 10" 10 to 10~ U M. Figure 3A shows the AMLR partially 
suppressed (20%) in response to CMV at 10~ 2 ; it is com- 
pletely reversed by NTI at 10' 12 and 10~ 10 M, but not by NTI 
at 10" 14 M. Figure 3B shows the AMLR maximally suppressed 
(42%) in response to CMV 10" A ; again, suppression is 

15 reversed completely by NTI at 10" 14 M - 10~ 12 M, and partially 
by NTI 10" lo M. 

Example 5. 7-Benzvlidene-7-dehvdronaltrexone 
(II , R 1 = cvclopropvl-methvl, R* = OH, R J = R" = R J = H) 

20 

To a stirred solution of naltrexone hydrochloride 
(200 mg, 0.53 mmol) in MeOH (8 ml) were added sodium 
hydroxide (IN, 4 ml) and benzaldehyde (0.5 ml, 3.7 mmol) 

25 in an ice bath. The mixture was refrigerated for 14 hr. 
The mixture was neutralized with 1 N aqueous HC1 and 
extracted with CHC1 3 (3X). The combined organic layers 
were washed with brine, dried, and concentrated to afford a 
crude product which was purified on a Sephadex Column (CH- 

30 20, MeOH) to give 7-benzylidene-7-dehydronaltrexone (113 
mg, 50%): mp 230°C dec; R f 0.60 (CHCl 3 -MeOH-acetone, 
19:0.5:0.1); IR (liquid film, cm" 1 ) 1685, 1611; MS m/e 429 
(M + , EI). Hydrochloride salt: R f 0.72 (butanol-acetone-H 2 0, 
2:1:1); mp 210°C dec. Anal. (C 27 H 27 0 4 N-HC1) C, H, N, CI. 
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Example 6 . Substltuted-7-Ben2Ylidene-7-dehvdronaltrexones s 

The synthesis of a series of BNTX analogs of 
5 formula II were accomplished by aldol condensation of 

naltrexone with a large excess (30 equivalents) of various 
substituted benzaldehydes using sodium hydroxide as a base. 
The reaction of benzylnaltrexone (IV, R l =cyclopropyl- 
methyl, R 2 = OH, R 3 ■ benzyl) with benzaldehyde (1,5 equi- 

10 valent) using a strong base such as HMDS did not give a 
desired compound. However, the addition of 12-crown-4 in 
the reaction mixture gave the desired benzylidene deriva- 
tive in 48% yield. The cleavage of benzyl ether was 
accomplished by a treatment with BBr 3 in 32% yield. A 

15 representative example is presented hereinbelow as Example 
6a. 

Example 6a. 

E-7-(4-Nitrobenzvlideno) naltrexone hydrochloride dial 

To a solution of naltrexone hydrochloride (100 mg, 
0.26 mmol) and 4-nitrobenzaldehyde (1.0 g, 6.6 mmol) in 
MeOH (40 mL) was added IN NaOH (2 mL). The mixture was 
stand for 3 days at 0°C, then diluted with water, acidified 

25 with N-HC1 and washed with ether. The aqueous layer was 
made alkaline with sat. aq. NaHC03 and extracted with 
EtOAc. The extract was washed with water, dried and 
evaporated. The residue was chromatographed on silica gel 
(hexane-EtOAc, 1:1) to afford E-7-(4-nitrobenzy- 

30 lideno) naltrexone (102 mg, 78%). The free base of E-7-(4- 
nitrobenzylideno) naltrexone was dissolved in ethanol and a 
few drops of cone, HC1 was added. The solution was con- 
centrated and ether was added. The resulting solid was 
collected, washed with ether, and dried (100 mg) . Exact 

35 mass calcd. for C 27 H 27 N 2 0 6 (M+H)* 475.1869, found 475.1883. 
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The reaction times (rt = 25'C) , yields, and melting points 
(mp) for analogs Ila-IIm are given on Table V, below. 



Table V 




10 

Physical Data for Benzvlidenonaltrexo ne Derivatives 





Compd 










No 


R* 


R 5 


mp "C 


15 


Ila 


p-N0 2 


H 


225-235 




lib 


m-NOj 


H 


220-230 




He 


p-MeO 


H 


212-220 




lid 


m-MeO 


H 


210-225 




He 


o-MeO 


H 


208-215 


20 


Hf 


p-Me 


H 


222-238 




Ilg 


p-F 


H 


215-225 




Hh 


m-F 


H 


207-220 




Hi 


o-F 


H 


215-225 




Ilj 


o-Cl 


H 


210-225 


25 


Ilk 


p-COOMe 


H 


230-238 




III 


(2,3-benzo) 


215-220 




Hm 


(3,4-benzo) 


220-225 



(decomp) 
(decomp) 
(decomp) 
(decomp) 
(decomp) 
(decomp) 
(decomp) 
(decomp) 



Reaction 


Yield 


temp. , 


,time 


m 


0°C 3 


days 


78 


0°C 3 


days 


64 


rt 7 


days 


39 


rt 3 


days 


59 


rt 10 


days 


72 


rt 7 


days 


33 


0°C 7 


days 


84 


rt 1 


day 


7G 


rt 1 


day 


57 


rt 7 


days 


48 


rt 2 


days 


70 


rt 5 


days 


26 


rt 5 


days 


26 



30 

Example 7. Bioactivity 

The antagonist potencies of compounds of 
Examples 5 (BNTX) and 6 were compared to the activity of 

35 NTI and naltrexone in vitro on the mouse vas deferens (MVD) 
preparations. Each compound (100 nM) was incubated for 15 
min with the tissue prior to adding graded doses of a 
standard agonist for determination of an IC 50 value. The 
standard delta -selective agonist employed was [D-Ala 2 , D- 

40 Leu 5 ] enkephalin (DADLE). Concentration-response curves 

were obtained in the absence (control) and the presence of 
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the antagonist are expressed as IC 50 values. The IC 50 ratio 
represents the IC 50 in the presence of the antagonist 
divided by the control IC 50 value in the same tissue. 
Therefore, a high IC 50 ratio represents a correspondingly 
5 high degree of antagonism at a particular receptor. The 
IC 50 ratios for compounds Ila-c, He, Ilg-i, II j, and III- 
m; determined using the JSVD assay are shown in Table VI, 
below. The IC 50 ratio is employed to calculate the Ke 
value using the equation Ke = [antagonist] /(IC 50 ratio-1). 
10 Therefore, a low Ke represents a correspondingly high 
degree of binding at a particular receptor. 



Table VI 



15 




IC 30 ratio* 






Compd No 


( DADLE ) 


Ke, nM 




Ila 


1.90 


111 




lib 


5.97 


20 


20 


lie 


5.52 


22 




He 


120 


0.84 




Ilg 


2.29 


77 




Hh 


7.87 


14 




Hi 


6.01 


20 


25 


"j 


130 


0.76 




III 


12.7 


8.5 




Hm 


11.6 


9.4 




NTI 


152 


0.13 



30 

100 nM of each compound, NTI = 20 nM. 



35 The results of these bioassays for BNTX are summarized on 
Table VII, below. 
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Table VII 

Comparison of Opioid Antagonist Potencies 
5 in the GPI and MVP Preparations 

Ke, nM Ke Ratio 

Antagonist £ B " £° *° ulL ILL 

10 7-Benzylidene- 

7 -dehydronal trexone 

(BNTX) 2.9 8.3 100 2.9 35 

NTI C 0.13 29 46 223 345 

Naltrexone 24 1.0 5.5 0.03 0.17 



15 



* Assayed in the MVD using DADLE as agonist. 
b Assayed in the GPI using morphine (jj) and 
ethylketazocine as agonists. 
20 c 6-selective antagonist ( J. Med. Chem. , 31, 281 (1988)). 



25 The data shown in Table VII indicate that BNTX is 

a 6-selective antagonist. It can be noted that its Ke 
ratios are less than those of the standard 6 agonist NTI , 
but greater than those of naltrexone, a ^-selective 
antagonist . 

30 While the smooth muscle pharmacological data pre- 

sented on Table VII reveal that BNTX is 6-selective, the 
data do not identify its 6 subtype selectivity, if any, 
because it is likely that the MVD preparation contains a 
different 6 subtype or mixture of 6 subtypes as compared to 

35 the brain. 

Therefore, a better assessment of the 6 subtype 
selectivity can be obtained from binding of brain membranes 
and from antagonism studies in mice. The binding of BNTX 
to guinea pig brain membranes was determined using the gen- 

40 eral method of L.L. Werling et al., J. Pharmacol. Exp. 
Ther . , 233, 722 (1985), as modified by A.E. Takemori et 
al., J, Pharmacol. Exp. Ther. , 246, 255 (1988). The radio- 
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ligands employed were [*H]DPDPE ([D-Pen 2 , D-Pen 5 ] enkepha- 
lin) for 6 X receptors, [^JDSLETf [D-Ser 2 -Leu 5 ] enkephalin- 
Thr 6 ) for 6 2 receptors, [3H]DAMGO for \i receptors and 
U69593 (trans- (+) -3 , 4-dichloro-N-methyl-N- [ 2- ( lpyrididinyl ) - 
5 cyclohexyl]benzeneacetamide) for k receptors. 

As shown by the data on Table VIII, below, BNTX 
exhibited a binding ratio, Ki (6 2 )/Ki(6 i ) of about 100. 
Since a high Ki value at a given receptor indicates a lower 
binding affinity for that receptor, it can be seen that 
10 BNTX is highly selective for 6 A receptor sites. 



15 



20 



Standard 
Antagonist 



Table VIII 
BNTX Receptor Selectivity Data 



Selectivity 



Smooth 
Muscle 
Ke, nM 



Binding 
Ki, nM 



ED 50 
Ratio* 
( "Potency 
Ratio") 



DADLE 


6, . 


2.9 






DPDPE 


«i 


5.2 


0.1 


7.2 


DSLET 




2.1 


10.8 


0.91 


Morphine 




8.3 






DAMGO 






13.3 


0.88 


EK 


K 


100 






U50488H 


K 




59 


1.2 



30 

ED 50 of agonist in presence of BNTX/ED 50 of agonist. 



35 The antagonist effect of BNTX on antinociception 

was evaluated in mice using the tail flick assay, in accord 
with the procedure of F.C. Tulunay et al., J. Pharmacol. 
Exp. Ther. , 243, 91 (1987). At least three groups of ten 
mice were used to generate dose-response curves. A mouse 

40 was regarded as positive for antinociception if the latency 
to flick its tail was more than the control latency plus 
3 S.D. of the mean reaction time of the group. The 
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reaction times were determined at the peak time for antino- 
ciception after administration of various agonists. Intra- 
cerebroventricular (i.e. v.) injections were made in a 
volume of 5 pi by the method of T.J. Haley et al., Br. J. 
5 Pharmacol. , 12, 12 (1957). 

On Table VIII, the potencies are expressed as ED 50 
ratios, which represent the ED 30 of the standard agonist 
administered subcutaneous ly in the presence of BNTX 
(6.25 pmol/i.c.v. /mouse), divided by the ED 50 of the 

10 standard agonist. Thus, the dose-response curve obtained 
for DPDPE was shifted by a factor of about 7.2 to higher 
concentration, while the curves of DSLET, morphine and 
U50488H (k agonist) were not shifted significantly. There- 
fore, the binding data determined on guinea pig brain 

15 membranes, correlate with the in vivo data, and are 

superior to the smooth muscle-based assays data shown in 
Table IX, as an indicator of 6 subtype selectivity. It is 
believed that BNTX is the first 6 X opioid receptor subset- 
selective antagonist to be identified. 

20 All publications, patents and patent documents are 

incorporated by reference herein, as though individually 
incorporated by reference. The invention has been des- 
cribed with reference to various specific and preferred em- 
bodiments and techniques. However, it should be understood 

25 that many variations and modifications may be made while 
remaining within the spirit and scope of the invention. 
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WHAT IS CLAIMED IS; 

1. A method of employing a conpount of the formula I: 



wherein R 1 is (Q-C^alkyl, C 3 -Q(cycloalkyl)alkyl, 
C^-C^cycloalkenyljalkyl, aryl, aralkyl, trans (C 4 - 
C^)alkenyl, allyl or furan-2-ylalkyl, R 2 is H, OH 
or ^(q-CsJalkyl; R 3 is H, (Q-CsJalkyI; or ( (Q- 
Q)alkyl)CO; R 4 and R 5 are individually H, F, Cl, 
Br, NCS, N0 2/ NH 2 , (Q-Qjalkyl or (Q-C^alkoxy, or 
together are benzo; and X is 0, S or NT, wherein Y 
is H, (C 1 -C 5 )alkyl or (R 4 ) (R 5 )benzo; and the 
pharmaceutical^ acceptable salts thereof; to 
prepare a medicament to elevate the autologous 
mixed lynphocyte response (AMLR) of a manual 
afflicted with a disease characterized by a 
depressed AMLR. 

2. The method of claim 1 wherein the maimal is a 
human. 

3 . The method of claim 2 wherein the irrmunoregulatory 
disease is due to a viral infection, rheumatoid 
arthritis, systemic lupus erythematosis or 
Sjogren's Syndrome, multiple sclerosis, chronic 
lymphocytic leukemia or Type 1 diabetes. 
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4. The method of claim 1 wherein the compound of 
formula I is naltrindole. 

5. The method of claim 1 wherein the compound of 
formula I is naltrindole 5'-isocyanate. 

6. The method of claims 1 or 2 wherein the medicament 
comprises an effective amount of the compound of 
formula I in a unit dosage form in combination 
with a pharmaceutical^ acceptable carrier. 

7. The method of claim 6 wherein the pharmaceutical^ 
acceptable carrier is a liquid. 

8. The method of claim 6 wherein the unit dosage form 
comprises a tablet, capsule or solution coirprising 
the compound of formula I. 

9. The method of claims 1 or 2 wherein the medicament 
is adapted for parenteral administration, as by 
injection, intravenous infusion or transdermal 
administration . 



WO 95/13071 



PCTAJS94/12844 



FIG. I 
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FIG. 2 
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FIG. 2 (continued) 
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FIG. 3 

In vivo CMV Infection Suppresses an AMLR 




mCMV dilution 
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FIG. 4A 
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FIG. 4B 

NTI Reverses a Suppressed AMLR : 
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